I. Sample preparation and UV-Vis Spectra
The samples have been prepared as have shown previously. [1] [2] [3] [4] Briefly, the 2 mM aquometmyoglobin (metMb) sample was prepared by dissolving horse skeletal muscle myoglobin (Sigma Aldrich) into a 50 mM sodium phosphate buffer (pH 7). The buffer was sparged before with deoxygenated nitrogen gas for 8 hours. The 2 mM MbCN sample was obtained by adding NaCN in tenfold excess dissolved in a 0.1 M sodium hydroxide solution to a metMb solution prepared as described above. For the 2 mM ferrous samples (deoxyMb) Na 2 S 2 O 4 was used as a reducing agent, which was added in 2 fold excess to a deoxygenized metMb solution under helium atmosphere upon constant stirring. The 2 mM MbNO sample was prepared by adding NaNO 2 in 10 fold excess dissolved in buffer solution to a deoxyMb solution. For the 2 mM MbCO and MbO 2 samples, a deoxyMb solution was sparged with CO gas and O 2 gas, respectively.
Via UV-Vis spectroscopy successful ligation was controlled by comparing the characteristic intensities and positions of the α-, β-and Soret band to references from literature (see Fig.S1 ). [5] [6] [7] Further UV-Vis measurements were carried out while the sample flows in front of X-ray for ensuring proper ligation stability and monitoring possible sample damage.
Note that, we cannot exclude the presence of a small Fe(II) fraction (i.e. deoxyMb fraction) in the metMb and MbCN. However, it is a negligible fraction based on the UV/vis spectra.
Especially the Q-band of the UV/Vis spectra is sensitive to the oxidation state and even small changes will alter it markedly. 8, 9 See figure 2 in Yi et al., 8 and figure 2 in Sugawara et al. 9 In 
II. Multiplet calculations and charge transfer quantification
In order to extract quantitative information from L 2,3 -edges absorption spectra, experimental XA spectra were modelled using the so-called charge transfer Multiplet theory (CTMT). level. No attention is paid to the electric dipole allowed 2p -4s transitions that are experimentally and theoretically found to be negligible compared to the 2p-3d main channel.
In the simplest formulation, a pure 3d n configuration is attributed to the 3d transition ions eV), where the calculated intensity is overestimated for deoxyMb and underestimated for metMb compared to their corresponding experimental value (Fig.3 of the body text) . Upon increasing  back-donation (MLCT) in metMb, we observe an intensity decrease of the main spectral feature centred at 707.4 eV, while the intensity of the pre-edge peak at 705.6 eV rises slightly. This simulation shows that the decrease in intensity observed for MbCN (expected to be in the +III oxidation state like metMb) can be partly reproduced by adding MLCT. In the present case, the amount of d 4 L -configuration more than doubled, since it goes from 6.7% in metMb to 15.0% (see Table S1 ). In MbCN, we can expect an even much higher increase but the occurrence of fluorescence quenching (see body text), which is not taken into account in our calculations, prevent us from evaluating precisely the amount of MLCT. 
